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Introduction. Hydrated interplanetary dust particles (IDPs) comprise a major fraction of the interplanetary

dust particles collected in the stratosphere. While much is known about the mineralogy and chemistry of
hydrated IDPs, little is known about the C abundance in this class of IDPS, the nature of the C-bearing

phases, and how the C abundance is related to other physical properties of hydrated IDPs. Here we report

bulk compositional data (including C and O) for 11 hydrated IDPs that were Subsequently examined in the

TEN[ to determine their mineralogy and mineral chemisttV. Our analysis indicates that these hydrated IDPs

are strongly enriched in C relative to the most C-rich meteorites. The average abundance of C in these

hydrated IDPs is 4X CI chondrite values.
We determined the bulk compositions (including C and O) of 11 hydrated IDPs by thin-window,

energy-dispersive x-ray (EDX) spectroscopy of the uncoated IDPs on Be substrates in the SEM (procedures

described in detail in [I]). As a check on our C measurements, one of the IDPs (L2006H5) was embedded in

glassy S, and microtome thin sections were prepared and placed onto Be substrates (see [2], this volume).
Thin-film EDX analyses of multiple thin sections of L2006H5 show good agreement with the bulk value

determined in the SEM [2]. Following EDX analysis, the mineralogy and mineral chemistry of each IDP was

determined by analyzing ultramircotome thin sections in a TEM equipped with an EDX spectrometer.

Mineralogy. Table 1 smunarizes the major mineralogy and mineral chemistry of the 11 hydrated IDPs

analyzed in this study. All of our hydrated IDPS are low porosity objects that are dominated by abundant

phyilosilicates (from -30 to 80% by volume) and fine-grained Fe-Ni sulfides. The phyllosilicates are usually

Fe-bearing saponites with Mg/Mg+Fe > 0.5, but in two of the IDPs, serpentine is the phyllosilicate phase.

Generally, there is detectable Al in the saponites as well, so that the saponites contain a small component of
dioctahedral smectite (montmorillonite). Fine-grained sulfides are ubiquitous in hydrated IDPs. Electron

diffraction patterns show that the sulfides are mainly pyrrhottite or pentlandite. Pentlandites show a range of
Ni contents extending up to 30 wt.% Ni. Typically, sulfide grains in hydrated IDPs show a range of Fe/Ni.

Minor phases in our hydrated IDPs include anhydrous silicates (olivine, enstatite, high-Ca cpx), Mg-

Fe carbonates, kamacite, chromite, and magnetite. The anhydrous silicates such as pyroxenes and olivines are

generally a minor component or are entirely absent in our set of hydrated particles. Olivine and pyroxene

compositions vary over a wide range of Mg/Mg+Fe but most are concentrated near vet3, magnesian
compositions. Distinct Mg-Fe carbonates occur in only 3 of the 11 analyzed IDPs. Their compositions span a

wide range of Mg/Mg+Fe values from 03 to 1. Ca and Mn are detectable in the carbonates, but are uniformly

low in abundance (typically <0.5 wt.%). In the heated IDPS, magnetite commonly occurs as discontinuous or

complete polycrystalline rims up to 200 run thick surrounding the particles.
Bulk Compositions. Element abundances for major elements (including C and O) in the 11 hydrated IDPs

are given in Table 2. Several other elements not listed in Tab. 2 (e.g. P, K, Ti, Cr, and Mn) were analyzed for
and detected in most of the particles, but at concentrations below 0.5 wt.%. As a group, our IDPs are well

within a factor of 2 of CI abundances for all elements with the exception of C which is systematically enriched

by 2 to 6)( CI levels. L2005P13 is the only particle in this study which does not show the strong depletion in

Ca that has been used as a diagnostic feature of hydrated IDPs [3].

Heating effects during atmospheric entry. The 11 IDPs show a range of mineralogical and chemical changes

in response to atmospheric entry heating, ranging from prominent magnetite rims, degraded crystallinity of

phyllosilicates, and Zn depletions [4] in strongly heated IDPs; to pristine particles that lack mineralogical

evidence for any significant heating during atmospheric entry and show chondritic Zn levels. Moderately
heated IDPs exhibit thin, discontinuous magnetite rims yet retain well-crystalline phyllosilicates. In Table 1,

the IDPs are classified as unheated, mildly heated with discontinuous magnetite rims, or strongly heated with

continuous magnetite rims. The strong heating experienced by some of the hydrated IDPs may result from

relatively high entry velocities [5].
The lack of a correlation between C and S abundance and the degree of entry heating suggests that

there was no appreciable loss of these elements during the transit of the IDPs through the atmosphere.

The nature of carbon in hydrated IDPs. Our measured bulk carbon abundances for the group of 11 IDPs

ranges from 6 to 22 wt.% (Table 1), with an average of -13 wt.% C (nearly 4X CI levels). With the exception
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of the few cases where distinct carbonate grains are observed, other discrete carbon-rich phases have not been

identified. Fine-grained carbonates could account for some but not all of the measured C abundances. Thus,
we believe that C-rich materials such as poorly-graphitized or amorphous C must be finely dispersed

throughout the hydrated IDPs.
Hydrated IDPs are generally believed to be derived from asteroidal sources that have undegone some degree

of aqueous alteration. However, the high C contents of hydrated IDPs determined in this study indicate that

they are probably not derived from asteroidal sources sampled by the known chondrith: meteorites.
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Table i. M£neralogical data for 11 hydrated ZDPo.

IDP phyllo NG# of N£ :Ln heated Mt Other

typel ph¥11oo oulf:Lde ? r4m_ phAaeo

L2OOSL6 sap 0.S 22-28 Y D chromite, no luthydrouo silic:atoo

L2OOSP9 imr]p - 2-28 Y w low-Ca ]pl_, exl_reomly h_tted

I_OOSP13 8ezlp - 4-6 Y W ol£vkne, lo_-Ca G hLgh-Ca

I_O06BS sap O. S-O. 8 -S N U enstat£to, magnetite, tk;/-c_bonates

L20OSR7 nap 0. S-0.6 0-2S N O no anhydrous 8£1£cate8

L2006C12 sap - variable Y 0 B:L-r:Lch oulf£deo

L2006E10 gap 0.2-0 • 5 S-S0 N U kamaa£te

L2006F10 sap 0.5 4 Y D no anhydrous 8£1£catos, Mg-Fo c_rbonatoo

L2006F12 map - 4-7 Y W kamac:Lta, no anhydrous s:Ll:Lcates

L2006G1 sap 0.4 3-23 N U diat£nct cm,rbonate gra£n-,

L2006314 sap 0.4-0.6 1-14 Y D no imJhydrou8 m£1icatem

1 sap - oaponito, oerp - sepent£ne.

2 Umunheated, D-d£gcontinuouo magnetite rla, trmmtll-devoloped mt_ rim

Table 2. Element abundances An 11 hydrated IDPo.

Orgue£1 data from [6].

Blent AI0ultclilutcas (£nwt:.%)

IDP C O Na Mg &l 8£ S Ca Fo N£

L200SL6 12 29 0.8 10.2 0.9 12 3.1 1.4 27 2.5

L200SP9 20 29 0.8 8.0 1.3 i0 2.1 0.I 28 0.7

L200SPI3 11 28 0.S 11.4 1.0 14 3.2 2.4 25 1.4

L2006HS 8 36 0.9 8.5 1.2 17 7.3 0.2 18 1.1

L20OSR7 9 35 0.9 12 1.4 19 2.9 0.1 19 0.8

L2006C12 6 33 0.8 6.2 1.2 8.8 3.2 0.1 40 0.3

L2006BI0 Ii 37 1.3 II 1.3 iS 2.1 0.S 18 1.6

L2006FI0 IS 40 1.5 10 1.0 14 3.9 0.1 13 0.8

L2006F12 7 36 1.5 9 1.3 13 2.3 0.4 27 1.1

L2006G1 20 38 1.5 9.6 0.8 13 4.0 0.7 12 0.8

L2006J14 22 38 1.4 12 1.1 13 1.6 0.2 10 0.6

Average 13 34 1.1 9.8 1.1 14 3.2 0.6 22 1.1

Orgueil 3.5 46 0.S 9.5 0.9 10.7 5.2 0.9 18.S 0.6


